After x-ray irradiation, 13 mutants of Chlorella soroklnlana incapable of using N03-as N source were isolated using a pinpoint method. Using immunoprecipitatfon and Westem blot assays, no nitrate reductase was found in five strains while in eight mutants the enzyme was detected. The latter strains contained different pattems of nitrate reductase partial reactions. All isolates were of the nia-type as indicated by the inducibility of purine hydroxylase I and by complementaton of nitrate reductase activity in the Neurospora crassa mutant Nit-1. A restoration of NADP-nitrate reductase in Nit-1 was also obtained with NH4+-grown cells indicating that Mo-cofactor is constitutive in Chlorella.
In assimilation of nitrate, the main N source of plants, NR' is considered as the rate limiting step (1) . This enzyme contains three different domains: FAD, Cyt b557/heme and Mocofactor, forming a short redox chain (1) . The initial electron donor is NAD(P)H and the electrons are transferred via FAD and Cyt b557/heme to Mo-cofactor, where nitrate is reduced.
NR is also believed to play an important role in the iron supply ofplants by the reductive cleavage ofiron siderophores (2) . Several unphysiological reactions can be measured via the FAD-domain using one electron acceptors like Cyt c or ferricyanide (dehydrogenase activity). With FADH2, the Cyt b557/heme domain and Mo-cofactor are employed to reduce nitrate, while with MVXd as electron donor only the Modomain is used (see Solomonson and Barber (24] ).
In this paper we present characterization of NR mutants of Chlorella sorokiniana, an organism which contains an easy to isolate and very stable NR (in contrast to NR in higher plants [ 1, 24] ). These mutants are suggested to be useful for the analysis ofthe relationship between structure and function of NR at the molecular level. NR-deficient mutants of barley (3) and Neurospora crassa (7) have been isolated and used as described here (14) . In nutrients with nitrite as N source, the KNO3 (10 mM) was replaced by 100 mM KNO2 and when NH4+ was used as N source, the pH of the medium was adjusted to 8.0 and 5 mm (NH4)2SO4 was supplied. When hypoxanthine and xanthine were used as N sources, they were added to N-free nutrient solutions at their maximum solubility. Media for N. crassa and Nit-i with NH4Cl (4.3 g/L) instead of KNO3 were prepared according to Garrett (12) .
Cultivation ofalgae was performed according to the method of Kuhl and Lorenzen (14) , that of the fungi after Meyer (Microbiological Institute, University of Gottingen, personal communication). For solid media, a 1.7% agar was used containing the N sources as indicated.
Methods
Nitrate uptake measurements were performed after (27) . Induction of NR and NiR in the fungi was completed 6 h after a transfer of NH4+-grown cells into N03-containing medium. PHI (xanthine oxidase) of the algae was induced by a transfer of NH4+-grown cells into hypoxanthine (5.25 mM) containing medium for 4 h. Cell-free extracts ofthe algae cells were prepared after Tischner (28) and ofthe fungi by grinding the cells with pestle in a mortar with sea sand and some cristals of DNAse in the homogenization buffer (0.5 mm EDTA, 1 mm PMSF, 1 mm DTT in 100 mM KH2PO4-NaOH, pH 7.4) and subsequent removing of cell debris at 40,000 x g.
Protein Content
Protein content was estimated as described by Lowry et al. (16 (10) . NADPH:NR of N. crassa and restored Nit-l-NR was tested after Meyer (Microbiological Institute, University of Gottingen, personal communication). PHI-test was performed according to Franco et al. (9) .
For intraspecies complementation of algal-NADH:NR-activity the corresponding extracts were mixed in an appropriate ratio and stored on ice over night before the enzyme assay.
For SDS-mediated liberation of Mo-cofactor from NR, algal extracts were diluted 10-fold with SDS (1%) and stored on ice for 10 min.
Immunochemical Assays
For Ouchterlony double diffusion assays and Western blotting a multiclonal monospecific antibody was used, raised in rabbits against a purified NR according to Tischner (28) . Ouchterlony double diffusion assays, with sodium azide (0.05%) for prevention of microbial growth, were performed after Clausen (4) the Mr of the NRs between mutants and wild-type cells was detected (Fig. 3) . Always two NR-bands were found, which cannot be explained sufficiently up to now. An interference with cellular peroxidases can be neglected (see "Materials and Methods"). However, for the aspect stressed here, it is impor-0 tant that identical NR-bands resulted for both mutants and 0 wild-type cells. The partial reaction of strain 6 and that of strains 3, 5, and 10 formally recombine to NADH:NR(A).
The complementation was successfully achieved by mixing the extracts in the ratio of the corresponding partial activities (i.e. strain 6:strains 3, 5, or 10 = 2:3). This resulted in 12% of the specific NADH:NR(A) in the wild-type cells. A complementation was also obtained with the Neurospora crassa mutant Nit-(lacking Mo-cofactor) and extracts of strains 3, uric acid, urea, NO3-and NH4+. This result is different to that reported for Chlamydomonas (9) . The data of these experiments are summarized in Table I . None of the isolated mutants was able to take up nitrate. However, the mutational defect is in the enzyme itself, not in the uptake system (see "Discussion"). In all of the isolates we found a functioning Mo-cofactor synthesis. Eight of them contained NR residues with different partial reactions, therefore representing nia-type mutants (1) . In the remaining five mutants the synthesis of NR-apoprotein is prevented according to the negative results from the Ouchterlony assay and the Western blot (data not shown). The strains containing residual NR display different partial activities: (a) strain 6 lacks NADH:Cyt c activity, while both FADH2:NR and MV:NR were 6 to 8 times higher than that of the wild-type cells. A mutation in the FAD-region seems to be a reasonable interpretation; (b) strain 12 shows only FADH2:NR and the mutation cannot be sufficiently explained up to now; and (c) strains 1, 3, 5, 7, 9, and 10 contain only NADH:Cyt c activity which is doubled (strains 3, 5, and 10) or slightly reduced (strains 1, 7, and 9) compared to that in the wild-type cells.
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The complementation was more effective (6-10 times) if the extracts were treated with SDS (0.1 %) before the experiment. DISCUSSION The isolation of our mutants using a pinpoint method is different from the way mutants in nitrate assimilation have been isolated before which employed chlorate sensitivity (e.g., Arabidopsis [6] or Aspergillus [5] Cyt c reductase. The subunit Mr was about 90 to 95 kD. Two wells were used for each mutant, their numbers indicated correspond to Table I. 94 kDi 67kD 60kD In the mutant strains 3, 5, 6, and 10 a high activity of the remaining partial reactions was found. This might be due to an unbalanced NR-residue synthesis due to a lack of end product repression. The actual NR amount in the cell is a result of both derepression/repression by low and high concentrations of an end product and enzyme degradation. In our mutants no endproduct was formed and this resulted in an overshoot production of NR defect in special domains.
Such an effect has been shown for Chlorella (30) and for glutamate grown and N-starved Cyanidium caldarium cells (22) . However, the NADH:Cyt c activity was reduced in mutant strains 1, 7, and 9 which also do not contain the other partial reactions. On the other hand one can speculate, that the NR structure has been modified in the mutants blocking one of the partial activities and probably enhancing the other partial activities. This interpretation would not need a higher amount of NR protein in the mutants.
The induction of PHI is a common procedure to check for Mo-cofactor, which is part of all molybdenum-containing multicenter-redox-enzymes (1, 21 (Table II) . This has been reported for MoCofactor in N. crassa (20) , squash (1), tobacco (17) , and Escherichia coli (19) . The SDS-treatment (Table  II) . Moreover, Mo-cofactor is correctly produced during PHI induction. Therefore, we suggest that the tertiary structure of NR was changed resulting in an improper orientation of Mocofactor in the NR-apoprotein.
For this reason experiments in our laboratory are in progress to approach the structure of the Mo-domain and the incorporation of Mo-cofactor into the protein backbone. This aim can be achieved using methods of molecular biology in the comparison of the intact and the mutationally changed enzymes.
